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[57] ABSTRACT 
A method of fabricating a semiconductor device in an 
integrated circuit. A conductive titanium layer is depos 
ited on a substrate in which source, drain and gate re 
gions have been created. A titanium nitride layer is 
applied as a cap over the titanium layer. A ?rst anneal at 
a relatively low temperature is performed, causing por 
tions of the titanium which are adjacent the silicon 
surface to form a titanium-silicon compound and caus 
ing the remaining titanium and titanium nitride to form 
a nitride coating. This nitride coating is etched away 
and a ?nal high-temperature anneal is performed, result 
ing in thick, smooth titanium silicide (TiSi2) layers on 
the source and drain regions and gate pads. 

9 Claims, 4 Drawing Sheets 
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METHOD OF FABRICATING A 
SEMICONDUCTOR DEVICE BY CAPPING A 

CONDUCT IVE LAYER WITH A NITRIDE LAYER 

BACKGROUND OF THE INVENTION 

This invention relates generally to integrated circuits 
and more particularly to a novel method of fabricating 
a semiconductor device in an integrated circuit by cap 
ping a conductive layer with a nitride layer during 
salicidation. 

In recent years the advancement of very large scale 
integration (“VLSI”) technology has resulted in a need 
to ?t more and more individual semiconductor devices 
such as transistors into smaller and smaller areas of an 
integrated circuit chip. The dimensions of these devices 
have reached the submicron range, and it has become 
increasingly dif?cult to make adequate electrical 
contacts for interconnecting such devices. 
A relatively recent development in the art of fabricat 

ing semiconductors has been the self-aligning silicide 
process (“salicidation”). During this process successive 
layers of a conductive material and silicon are deposited 
over a substrate and then are annealed at a high temper 
ature, forming a conductive silicide layer which then 
can be utilized for the establishment of electrical 
contacts with the various regions of the device. This 
process offers numerous advantages including reduced 
parasitic resistance in gate, diffusion and interconnect 
areas of the device and improved circuit packing den 
sity. 
Titanium is nearly always used as the conductive 

material because the annealing of titanium and silicon 
yields titanium silicide (TiSi2) which is characterized by 
relatively low resistivity and good thermal stability and 
because of the ability of titanium to dissolve silicon 
native oxide during annealing to form silicide more 
consistently than other conductive materials. 

Successful formation of titanium silicide is dependent 
on an absence of impurities between the titanium and 
the silicon. Any thin oxide or polymer residue left over 
from a previous step can prevent silicide formation. In 
addition, titanium reacts readily with any traces of oxy 
gen that may be present. Oxygen contamination in the 
furnace must be less than about three parts per million 
(“PPM”) in order to prevent such a titanium-oxygen 
reaction and permit the formation of titanium silicide to 
proceed reliably. This requires a leakproof system and a 
high rate of flow of very pure nitrogen gas during wafer 
loading and annealing, requirements which make the 
process costly to carry out and dif?cult to repeat. 
Moreover, to successfully accomplish salicidation in 

a device having dimensions in the submicron range 
requires the solution of several other problems, among 
them minimizing drain-to-gate, source-to-gate, and 
junction leakage, preserving gate oxide integrity, and 
avoiding any adverse effects of dopant restribution or 
discontinuity of long polycides. 
As a result of all these limitations, the depositing of 

the titanium and the subsequent high-temperature an 
nealing are extremely difficult to control. 

It has been proposed (Tang, T., C. C. Wei, R. Haken, 
H. Kawasaki, and R. Chapman in Symposium on VLSI 
Technology 1988, page 69) to add a sacri?cial dielectric 
cap layer after depositing the titanium and strip back 
after sintering. However, the etch back process which 
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2 
must be performed as part of this technique has created 
many device and process complexities. 
From the foregoing it will be apparent that there 

remains a need for a practical way to obtain the bene?ts 
of salicidation during fabrication of a semiconductor 
device. 

SUMMARY OF THE INVENTION 

The present invention provides a method of realizing 
the bene?ts of the self-aligning silicide process in fabri 
cating a semiconductor device by capping a conductive 
layer with a nitride prior to annealing. The resulting 
structure is relatively immune from any adverse effects 
of the presence of oxygen or other contaminants during 
the deposit of the conductive layer and the subsequent 
annealing and therefore gives improved yield while 
reducing the cost of fabrication. 

Briefly and in general terms, the invention is embod 
ied in a method of fabricating a semiconductor device 
by means of the following steps: forming ?eld oxide 
regions in a planar surface of a substrate; creating a gate 
region between the oxide regions; forming source and 
drain diffusion regions in the substrate; covering the 
substrate with a conductive layer such as titanium; cov 
ering the conductive layer with a nitride such as tita 
nium nitride; annealing at a relatively low temperature 
to form a silicon compound wherever the conductive 
material is touching silicon and to combine any remain 
ing conductive material with the nitride to form a gen 
erally homogeneous layer of nitride covering the de 
vice; etching to remove the nitride; and annealing at a 
relatively high temperature to convert the silicon com 
pound into a silicide. 

Preferably the nitride is deposited immediately after 
the conductive material, for example by reactive sput 
tering, without any change in ambient atmosphere. The 
ambient atmosphere is preferably nitrogen. 
The etching preferably comprises wet etching, for 

example with sulfuric acid or ammonium hydroxide. 
The gate region is created, for example, by forming a 

gate oxide layer on the substrate and forming a silicon 
pad on the gate oxide layer. The diffusion regions are 
formed, for example, by coating the pad and the sub 
strate with a dielectric layer, directionally etching the 
dielectric layer to provide oxide spacers around the 
pad, and performing ion implantation and drive-in to 
form the diffusion regions. The pad itself can be formed 
by depositing a polysilicon layer over the gate oxide 
layer and then etching the polysilicon and the underly 
ing gate oxide. ' 

Other aspects and advantages of the present inven 
tion will become apparent from the following detailed 
description, taken in conjunction with the accompany 
ing drawings, illustrating by way of example the princi 
ples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged sectional view of a semiconduc 
tor device being fabricated according to the method of 
the invention after the step of forming ?eld oxide re 
gions and including a gate oxide layer therebetween; 
FIG. 2 shows the device of FIG. 1 after forming a 

polysilicon layer over the ?eld and gate oxide regions; 
FIG. 3 shows the device of FIG. 2 after etching the 

polysilicon layer and the gate oxide layer to form a gate 
region; 
FIG. 4 shows the device of FIG. 3 after forming 

source and drain regions; 
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FIG. 5 shows the device of FIG. 4 after covering 
with a conductive layer; 
FIG. 6 shows the device of FIG. 5 after covering 

with a nitride layer; 
FIG. 7 shows the device of FIG. 6 after annealing at 

a low temperature; and 
FIG. 8 shows the device of FIG. 7 after etching to 

remove the nitride and annealing at a high temperature. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in the drawings for purposes of illustration, 
the invention is embodied in a method of fabricating a 
semiconductor device by capping a conductive layer 
with a nitride layer during salicidation. 
There has been a continuing effort to ?t more and 

more semiconductor devices onto an integrated circuit 
chip. As the dimensions of these devices have become 
smaller, it has become more and more dif?cult to fabri 
cate adequate electrical connections with the devices. 
Forming such contains by salicidation offers numerous 
bene?ts, butt it has been dif?cult to achieve consistent 
results due to the extreme vulnerability of this process 
to the effects of very small concentrations of impurities 
and the need to solve various other problems associated 
with salicidation. 
During salicidation, a layer of conductive material 

such as titanium is deposited over a partially-formed 
semiconductor device. According to the method of the 
present invention, this conductive layer is covered with 
titanium nitride rather than silicon, a low temperature 
anneal is performed, and any excess nitride is etched 
away. A high temperature anneal completes the salici 
dation. This novel process results in the formation of a 
smoother and thicker layer of titanium silicide than 
existing methods of salicidation and is easier to carry 
out because it is relatively immune from any adverse 
effects of impurities. 
More particularly, FIGS. 1 through 8 illustrate suc 

cessive stages of the fabrication of a semiconductor 
device according to a preferred embodiment of the 
method of the invention. Spaced-apart ?rst and second 
?eld oxide regions 11 and 13 are formed in a planar 
surface 15 of a substrate 17, and a gate region generally 
designated 19 is created between the ?eld oxide regions 
11 and 13. 
The gate region 19 is preferably created by forming a 

gate oxide layer 21 in the planar surface 15 of the sub 
strate 17 and forming a silicon pad 23 on the gate oxide 
layer 21 to create the gate region 19. The silicon pad 23 
is formed, for example, by forming a polysilicon layer 
25 over the gate oxide 21 and then etching the polysili 
con layer 25 and the underlying gate oxide 21, a portion 
27 of the gate oxide layer 21 remaining under the silicon 
pad 23 after this etching. 
Next a source diffusion region 29 is formed between 

the gate region 19 and the ?rst ?eld oxide region 11, and 
a drain diffusion region 31 is formed between the gate 
region 19 and the second ?eld oxide region 13. The 
diffusion regions 29 and 31 are preferably formed by 
coating the pad 23 and the substrate 17 with a dielectric 
layer, directionally etching the dielectric layer to pro 
vide oxide spacers 33 and 35 around the pad 23, and 
performing ion implantation and drive-in to form the 
diffusion regions 29 and 31. 
Then the device is covered with a conductive layer 

37 such as titanium, and the conductive layer 37 in turn 
is covered with a nitride layer 39 such as titanium ni 
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4 
tride. The nitride layer 39 preferably reactively sput 
tered on immediately after deposition of the conductive 
layer 37 without breaking vacuum or changing the 
ambient atmosphere. 
The next step is annealing at a relatively low tempera 

ture whereby those portions of the conductive layer 37 
which overlie silicon react therewith to form a conduc 
tive silicon compound such as a titanium silicon com 
pound of the form SiNix and any remaining portions of 
the conductive layer 37 react with the nitride layer 39 to 
form a generally homogeneous nitride layer 41 covering 
the device, as best shown in FIG. 7. 
More particularly, that portion of the conductive 

layer 37 which immediately overlies the source region 
29 reacts with the silicon at the surface 15 of the sub 
strate 17 to form a conductive layer 43 of silicon com 
pound on the source region 29. Similarly, a conductive 
layer 45 of silicon compound is formed on the drain 
region 31 and a conductive layer 47 of silicon com 
pound is formed on the pad 23. 
Then the nitride layer 41 is removed by etching, 

preferably in a wet etch by means of a solution of sulfu 
ric acid, ammonium hydroxide or the like. The solution ' 
preferably includes hydrogen peroxide, for example in a 
ratio of two parts of sulfuric acid to one part of hydro 
gen peroxide. 

Finally, a second annealing at a relatively high tem 
perature converts the layers 43, 45 and 47 into silicide 
(such as titanium silicide TiSiZ) layers 49, 51 and 53, 
respectively. 
The nitride layer 39 plays several important roles 

during the ?rst anneal. One, it prevents the titanium (or 
other conductive material) of which the layer 37 is 
comprised from reacting with the ambient nitrogen 
atmosphere. This forces the titanium to dissolve any 
oxide residue which may have formed on the surface of 
the device prior to deposition of the layer 37 and 
“snow-plow” the oxygen from the residue into the ni 
tride layer 41. Then this unwanted oxygen is removed 
when the nitride is etched away. 
Another role played by the nitride layer 39 is to force 

that portion of the titanium which is immediately adja 
cent the silicon surfaces to react therewith to form the 
silicide, thereby alleviating the strict requirements of 
titanium-silicon interface cleanliness. 

In addition, silicide formation according to the 
method of the invention is much less subject to adverse 
effects of oxygen contamination of the ambient atmo 
sphere during high temperature annealing. Whereas 
conventional salicidation requires an atmosphere hav 
ing less than about three PPM of oxygen, the method of 
the invention works even if oxygen is present in 
amounts of 10,000 PPM. Residue oxide dissolubility can 
be as much as about 75 Angstroms as opposed to 35 
Angstroms for conventional salicidation. 
The titanium silicide which results from the process 

of the invention is smoother and thicker than that which 
can be obtained by conventional methods. Surface mor 
phology of titanium silicide formed by the method of 
the invention is about 50 Angstroms as opposed to 1,500 
Angstroms when formed by conventional methods. The 
interface roughness between the titanium silicide and 
the underlying silicon, for example the source and drain 
regions 43 and 45, is about 20 Angstroms in opposed to 
200 Angstroms in devices formed in other ways. 
Not only can semiconductor devices be fabricated 

more reliably and less expensively according to the 
method of the invention, but in addition the electrical 
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parameters of devices fabricated according to the in 
vention have been found to be signi?cantly superior to 
those of conventionally-made devices, as can be seen by 
reference to the following Table 1: 

TABLE 1 
Comparison of Silicide-Related, Electrical. Parameters 

Parameter Invention Conventional 

Field leakage current (amps) le-ll' Se-lO 
N-Well leakage current (amps) 2e-l0 2e-9 
Substrate leakage current (amps) Ze-ll 5e-7 
NMOS G/S,D leakage current (amps) 5e-l2 Ze-lO 
PMOS G/S,D leakage current (amps) le~ll 5e-9 
Area gate cap leakage current (amps) 6e-l0 3e-l0 
Peri gate cap leakage current (amps) 2e-l0 5e-9 
Drain saturation current (amps) 7.3e-3 7.2e-3 
N+ island Rs (ohm/sq) 1.6 2.8 
P+ island Rs (ohm/sq) 1.4 2.4 
N+ poly Rs (ohm/sq) 1.9 3.6 
PMOS series resistance (ohms) 90 400 
NMOS series resistance (ohms) 50 48 

From the foregoing it will be apparent that the pres 
ent invention provides a novel method of fabricating a 
semiconductor device by capping a conductive layer 
with a nitride layer prior to annealing during the forma 
tion of conductive silicides. Fabrication of semiconduc 
tor devices according to the method of the invention is 
more reliable, consistent and economical than is fabrica 
tion according to other methods. Titanium silicides 
formed according to the invention are thicker and 
smoother than those formed by other means, and semi 
conductor devices having such silicides have superior 
electrical characteristics. 
Although certain speci?c embodiments of the inven 

tion have been described and illustrated, the invention is 
not be limited to the speci?c steps, forms or arrange 
ments of parts so described and illustrated, and various 
modi?cations and changes can be made without depart 
ing from the scope and spirit of the invention. Within 
the scope of the appended claims, therefore, the inven 
tion may be practiced otherwise than as speci?cally 
described and illustrated. 
We claim: 
1. A method of fabricating a semiconductor device, 

the method comprising: 
forming spaced-apart ?rst and second ?eld oxide 

regions in a planar surface of a substrate; 
creating a gate region between the ?eld oxide re 

gions; 
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6 
forming a source diffusion region between the gate 

region and the ?rst ?eld oxide region and a drain 
diffusion region between the gate region and the 
second ?eld oxide region; 

covering the substrate with a conductive layer; 
covering the conductive layer with a nitride layer; 
annealing at a relatively low temperature whereby 

those portions of the conductive layer which over 
lie silicon react therewith to form a silicon com 
pound and any remaining portions of the conduc 
tive layer react with the nitride layer to form a 
generally homogeneous nitride layer covering the 
device; 

etching to remove the nitride layer; and 
annealing at a relatively high temperature to convert 

the silicon compound into a silicide. 
2. A method according to claim 1 wherein the con 

ductive layer comprises titanium and the nitride layer 
comprises titanium nitride. 

3. A method according to claim 2 wherein the tita 
nium nitride coating is applied immediately after the 
titanium coating without any change in ambient atmo 
sphere. 

4. A method according to claim 1 wherein the etch 
ing comprises wet etching. 

5. A method according to claim 4 wherein the wet 
etching is performed by means of sulfuric acid. 

6. A method according to claim 4 wherein the wet 
etching is performed by means of ammonium hydrox 
ide. 

7. A method according to claim 1 wherein the step of 
creating a gate region comprises forming a gate oxide 
layer in the planar surface of the substrate and forming 
a silicon pad on the gate oxide layer to create the gate 
region. 

8. A method according to claim 7 wherein the step of 
forming the diffusion regions comprises: 

coating the pad and the substrate with a dielectric 
layer; 

directionally etching the dielectric layer to provide 
oxide spacers around the pad; and 

performing ion implantation and drive-in to form the 
diffusion regions. 

9. A method according to claim 7 wherein the step of 
forming the pad comprises forming a polysilicon layer 
over the gate oxide and then etching the polysilicon 
layer and the underlying gate oxide. 

* * * * * 
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